Tomato, Lycopersicum esculentum L. (Solanaceae), is an important vegetable crop in the Mariana Islands (Guam, Saipan, Rota and Tinian). Because tomato is heavily attacked by both the tomato fruitworm Helicoverpa armigera Hübner (Lepidoptera: Noctuidae) and the red spider mite Tetranychus marianae McGregor, research was begun in 2011 to develop an integrated pest management program to better protect the crop from these pests. Our previous studies have indicated nominal threshold levels for T. marianae to be 8-12 mites/leaf in the dry season and 8-14 mites/leaf during the wet season, while for H. armigera the threshold was found to be 2 eggs per 10 of the plants, followed by an additional pesticide application only if 2 damaged fruit or H. armigera larvae were detected per 50 immature fruits. Other studies have found the IPM package used here of petroleum spray oil (PSO), BotaniGard, neem, and DiPel applied 15, 30, 45 and 60 days after tomato transplant to be a viable approach, significantly reducing the pest complex and giving higher tomato yield compared to both the growers' current practice (carbaryl or malathion, 15 applications per cropping season) and control plots. The current field study was conducted at two locations in Guam (Yigo and Inarajan), USA, in 2012 and 2013 to compare this IPM package with the growers' current practice in larger plots designed to educate the growers. The IPM package significantly lowered the pest complex and gave higher tomato yield at both the locations. Tomato growers were invited to attend an informal IPM training program on December 16, 2013 at the University of Guam, which was attended by 48 growers from four Mariana Islands. Of these growers, 41 (85%) were aware of and understood the risks associated with traditional insecticides and recognized the concept of using an IPM package in managing tomato pests before the workshop. However, all the attendees understood the concept and benefits of IPM after the workshop. Follow up with these tomato growers found that 35 (73%) later adopted the IPM program using PSO, BotaniGard, and Dipel at 15, 30, 45 and 60 DAT in the Mariana Islands.
Introduction
Growers in the Mariana Islands (Guam, Saipan, Rota, and Tinian) have been encouraged to increase vegetable production, including tomato, to reduce the importation of vegetables to the region and thus avoid the possible introduction of invasive plant and insect species (Reddy & Tangtrakulwanich, 2013) .Tomato growers who sell their products to local fresh markets mostly grow cherry tomatoes, which are grown in the Marianas year-round. In addition, tomatoes are traditionally grown as a backyard crop. While production of cherry tomatoes has expanded on commercial farms and in home gardens, crops have been widely damaged by the spider mite Tetranychus marianae McGregor (Acari: Tetranychidae) and the tomato fruit worm Helicoverpa armigera Hübner (Lepidoptera: Noctuidae). Although both pests attack right from seed bed to harvest, T. marianae damages most heavily during the early stage of the plant's life, while damage by H. armigera is most common during the later stage of the crop (from flowering until harvest).
Growers in the Mariana Islands use carbaryl and malathion insecticides to control T. marianae and H. armigera on eggplant and tomato (Reddy & Miller, 2014; Reddy & Tangtrakulwanich, 2013) , and as many as 13-15 applications of these pesticides may be applied to each crop, greatly increasing both cost and exposure to pesticide residues. Furthermore, these applications do not effectively control these pests on tomatoes. Therefore, to reduce the reliance on miticides and insecticides and to educate the growers about integrated pest management (IPM), a research program was initiated in 2011 with funding from the United States Department of Agriculture-National Institute of Food and Agriculture (USDA-NIFA).
Our previous studies on developing an action thresholds for these pests indicated that based on the percentage of T. marianae-infested leaves, the incidence of T. marianae and yield levels, plots sprayed at 8-12 mites/leaf in the dry season and 8-14 mites/leaf during the wet season had significantly lower leaf damage and T. marianae densities compared to other possible threshold values, control plots, or those receiving regularly timed pesticide applications. Similarly, an initial spray scheduled when two eggs of H. armigera were detected on 10 plant samples, followed by an additional spray only if two damaged fruit or H. armigera larvae were detected per 50 immature fruit, resulted in lower percent fruit damage and higher marketable yield compared to other threshold levels or a regular spray schedule (Reddy & Tangtrakulwanich, 2013) .
Further field trials aimed at improving the management of these pests using an IPM package (petroleum spray oil (PSO), BotaniGard, neem, and DiPel) in treated plots, with applications at 15, 30, 45, and 60 days after transplant significantly reduced the number of T. marianae-infested leaves and the density of T. marianae compared to plots treated with carbaryl, malathion, six application of BotaniGard alone, six applications of DiPel alone, or untreated controls at both study locations (Reddy, G. V. P., unpublished data) . Similarly, significantly lower fruit damage by H. armigera was recorded in plots treated with the IPM package than those treated with carbaryl, malathion, or the control treatments at both locations. Marketable tomato yields from the plots sprayed with the IPM package were significantly greater at both locations than were those in the other treatments.
The aim of the current study is to compare the relative efficacy of the IPM package (PSO, BotaniGard, neem and DiPel), which was found to be effective against T. marianae and H. armigera, with growers' current practice, to educate growers on the benefits of the IPM package, and to follow up on the rate of adoption of this IPM practice by the growers.
Materials and Methods

Seedlings and Field Design
Cherry tomato seeds were sown in trays (40 × 30 cm), and seedlings were grown for 40 days in a nursery in a shade house ( (Tables 1, 2 ) produced a total of 15 plots for each experiment. Fertilizer applications followed that of Schulub and Yudin (2002) . Treatments were the IPM package, two controls, and two growers practices (each being the repeated use of one insecticides, either carbaryl, or malathion).
Treatment Measures
The best treatment determined by our previous experiments (Reddy, G. V. P., unpublished data) was an IPM package (BotaniGard, PSO, neem and DiPel). In addition, a water spray control and a no spray control were applied to plots (Tables 1 and 2 ). Carbaryl and malathion applications were made in additional treatment plots at the time intervals generally practiced by Guam and other Micronesian growers. The amount of spray solution per application was 95 L/ha for small plants (up to 45 days after transplanting/DAT) and 190.0 L/ha for larger ones (45 DAT until harvest). All chemicals were applied with motorized backpack sprayers (Solo Brand; Forestry Suppliers, Jackson, Mississippi) equipped with an adjustable, flat spray, hollow cone, jet stream nozzle, with pressure (45 psi = 310 kPa) calibrated to deliver 187 liters per hectare. 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, and 150 T5: Sequential application of Carbaryl, 15 applications (the growers practice) 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 , and 150
Insect Sampling, Damage and Tomato Yield Assessments
To determine T. marianae population levels, 10 plants were randomly selected per plot three leaves were checked on each-one from the top, middle and bottom of the plant . On the underside of each leaf, mites were counted using a magnifying lens. Leaf counts were repeated weekly, and the number of leaves infested by T. marianae of the 30 leaves examined per plot was also recorded.
The egg and larval densities of H. armigera were estimated nondestructively in each tomato plot weekly. Egg densities were estimated by examining the plant's terminal from the tip down to the first fully expanded compound leaf, plus the third leaf down from the terminal, on 10 randomly selected plants in each plot (Kuhar et al., 2006 ). Larval infestation levels of H. armigera were estimated by randomly examining 60 unripe fruit per plot (one fruit per plant) and recording numbers of larvae as well as the number of damaged fruit.
The plots were harvested when fruit was ready and the yield was recorded for each plot.
The data were averaged and expressed as the number of mites per leaf, the percent of infested leaves, and the number of damaged fruits by H. armigera, and fruit yield per hectare. 
Training Growers and Stakeholders About Integrated Pest Management Methods
Tomato growers were invited to attend an informal training program on December 16, 2013 about IPM methods, which was conducted in cooperation with the Cooperative Extension Units of the University of Guam. This program aimed to inform growers of the risks associated with conventional insecticides and to illustrate the benefits of ecologically sound IPM methods, including those from the adoption of reduced-risk insecticides.
Follow Up With Growers After a Training Program
Two months after the training program, the attendees were surveyed for long-term gains in their knowledge of tomato cultivation and reduced-risk insecticide practices. The impact of the training program on adoption of reduced-risk insecticides are measured by a survey of tomato growers who participated in the training. These attendees were evaluated whether or not for showing an interest, recognizing the concept of using IPM methods and implementing IPM methods after the training. 
Statistical Analysis
Data for the number of mite-infested leaves per plot and proportion of damaged fruit among treatments, and overall yield levels in different treatments were analyzed using repeated measures ANOVA (P < 0.05) over multiple dates, and differences between treatments means were compared using the Tukey HSD test. Proportion data were square-root transformed prior to analysis in order to homogenize the variance. All statistical analyses were carried out using SAS Version 9.3 (SAS Institute 2011). The 5% level of significance was used for all analyses. Training growers and stakeholders about IPM methods were analyzed by comparing the percentage of attendees who expressed the interest, recognition of the concept of using IPM, and implementing IPM methods at the time before and after the workshop was conducted.
Results
Damage Assessment
In plots treated with the IPM package (PSO, BotaniGard, neem, and DiPel) at 15, 30, 45 and 60 DAT, the number of T. marianae-infested leaves (F 4, 11 = 15.2, P< 0.05; Figure 1 ) and the number of mites per leaf (F 4, 24 = 41.3, P < 0.05; Figure 1 ) were both significantly lower than in plots treated with carbaryl, malathion, or control plots at both locations. Significantly lower fruit damage by H. armigera was recorded in plots treated with the IPM package compared to the carbaryl or malathion treated plots and to both controls at both locations (F 4, 26 = 16.71, P < 0.05; Figure 2 ). 
Yield Assessment
The control plots suffered the highest damage from T. marianae and H. armigera and recorded the lowest marketable yield. The marketable tomato yields from the plots managed with the IPM package were significantly greater at both locations than those in other treatments (F 4, 16 = 11.47, P < 0.05; Figure 3 ). 
Training Program Follow Up
The IPM training program provided information to growers about the threats associated with traditional insecticides and the benefits of the IPM package, including low risk insecticides. The training program was attended by 48 growers from four Mariana Islands, of whom 41 (85%) were already aware of and understood the risks associated with the traditional insecticides and recognized the concept of using an IPM package in managing tomato pests (Table 3) before to the workshop. However, all the attendees understood the concept and benefits of IPM after the workshop. Follow up with tomato growers found that 35 of the growers (73%) actually implemented the IPM program using PSO, BotaniGard, neem and DiPel at 15, 30, 45 and 60 DAT in the Mariana Islands.
Discussion
Even though implementing a pest management program based on numerical threshold levels is always superior and more cost effective than use of a calendar-based spray schedule (Reddy & Tangtrakulwanich, 2013) , pest action threshold levels were not available when we initiated this study. Additionally, there was an urgency to develop an effective control method in the Pacific Islands for T. marianae and H. armigera to replace the conventional sprays. Not all growers want to adopt threshold-based sprays since it is labor intensive and difficult to plan the work. Many growers do not want to count mites and assess fruit damage in the field.
Our previous and current studies have indicated that the IPM package of PSO, BotaniGard, neem and DiPel sprayed 15, 30, 45 and 60 days after transplant was a viable approach, significantly reducing the pest complex and providing a higher tomato yield compared to the growers' current practice (carbaryl or malathion, 15 applications) or to control plots. This IPM training program provided to the growers was effective can be seen by the fact that 100% of the attendees recognized the importance of changing their practices, and 73% of them actually implemented the IPM program suggested above. The development and implementation of IPM technologies on tomato has already significantly increased yields in various countries. Ehler (2006) mentioned that IPM recognition has been increasing that includes the use of reduced-risk pesticides. Over the past 35 years, IPM has become a valued model for establishing research and extension efforts worldwide. For example in India, Gajanana et al. (2006) reported that IPM technology has increased tomato yields on IPM farms by 46 percent, reduced the cost of cultivation by 21 percent, and increased net return by 119 percent.
In this study we used biorational insecticides, reported to be low risk. According to Schuster and Stansly (2012) , the "biorationality" of an insecticide is almost always relative, i.e., the toxicity of one insecticide is compared to that of other insecticides, and is almost never broad spectrum, i.e., they are innocuous to one natural enemy or even some life stages of a natural enemy but toxic to another natural enemy or other life stages. In addition, soaps/detergents, oils and botanicals such as neem products (made with azadirachtin extracted from neem tree seeds) and entomopathogens have been likewise been conventionally termed biorational.
In the present study we did not notice any phytotoxicity on tomato plants due to the application of PSO. Narrow-range PSO applied as foliar sprays are now a vital component of IPM programs (Beattie, 1990; Davidson et al., 1991; Smith et al., 1997) . However, the unstable quality of some of these products and their potential phytotoxicity has limited their use (Chen, 1988) . PSO with a greater insecticidal efficacy usually results in a greater risk of phytotoxicity (Furness & Maeizer, 1981) . We believe that phytotoxicity may occur due to repeated applications of PSO. This is not the case in this study, where only one application of PSO was made.
On the other hand, Rae et al. (2000) reported that there was no evidence of phytotoxicity of multiple applications of PSO on sweet orange trees. Similarly, our previous studies (Reddy & Bautista, 2012) found no evidence of toxicity of PSO to eggplants.
Conclusions
The IPM package including the reduced-risk commercially available products (BotaniGard, PSO, neem, DiPel), applied at 15, 30, 45 and 60 days after transplanting was effective and provided a significantly higher yield compared to the growers' practice currently used for controlling the pest complex on tomato in the Mariana Islands. These IPM tactics can be adapted to other tomato growing areas.
